Abstract. Maintenance therapy with lenalidomide (LEN) for patients with multiple myeloma (MM) following autologous peripheral blood stem cell transplantation (auto-PBSCT) may be a promising option for preventing relapse or disease progression. However, the recommended dose of LEN has yet to be firmly established. We herein report the results of a multicenter clinical study for determining the feasible initial dose (FID) of LEN. In this trial, a total of 11 patients who achieved a very good partial response or complete response following auto-PBSCT were enrolled from five transplant centers in Japan. Three dose levels of LEN (level 0, 5 mg; level 1, 10 mg; and level 2, :15 mg) were tested in this study. FID was defined as the maximum estimated dose at which 70% of the patients could receive maintenance therapy for 12 weeks without any serious adverse events or disease progression. Using a continual reassessment method, 6 patients were assigned to level 0 and the remaining 5 patients were assigned to level 1. All 6 patients (100%) at level 0, but only 2 patients (40%) at level 1, completed 12 weeks of administration with their assigned dose of LEN. The results of our study demonstrated that, although 5 mg of LEN was acceptable in terms of safety, 7.5 mg of LEN may also be an acceptable FID.
Introduction
The prognosis of multiple myeloma (MM) has been significantly improved by the recent introduction of several novel agents, such as thalidomide (THAL), lenalidomide (LEN) and bortezomib (BOR) (1) . The use of these agents, particularly in younger patients, prior to or following autologous peripheral stem cell transplantation (auto-PBSCT), may result in improved transplant outcomes, with a higher very good partial response (VGPR) or complete response (CR) rate, which may eventually translate into prolonged progression-free survival (PFS) and̸or overall survival (OS) (2, 3) . Regarding maintenance therapy, the results of several recent studies have suggested use of these agents as a promising option for preventing relapse or disease progression after auto-PBSCT (4-7). However, THAL may not be suitable as a long-term maintenance agent, mainly due to its neurotoxic side effect profile (4, 5) .
Conversely, LEN is less toxic and may be more feasible for use in a maintenance setting, as the results from several studies have demonstrated its effects in terms of improved outcomes and prolonged PFS after auto-PBSCT.
The results of a recent randomized, prospective trial support the rationale for the use of LEN after auto-PBSCT (7) . Based on the aforementioned results, more patients are currently undergoing LEN maintenance therapy following auto-PBSCT; however, the recommended dose of LEN for maintenance has yet to be firmly established. Currently, LEN is administered at 5-15 mg̸day for maintenance. We herein report the results of a multicenter clinical study for determining the feasible initial dose (FID) of LEN for maintenance therapy in patients with MM following auto-PBSCT. Study design and statistical analysis. The FID was estimated using the continual reassessment method (CRM) (10, 11) . Dose escalations or de-escalations for consecutive patient cohorts and the size of each cohort were based on the dose-finding CRM algorithm and clinical judgment. Jumping from level 0 to 2 was not permissible in the CRM algorithm. The target completion rate of maintenance therapy was set at 70%. The FID of this trial was determined as the dose that was closest to the level at which 70% of patients would complete 12 weeks of maintenance therapy without experiencing a severe AE. We determined the starting dose in this trial to be level 1, and the first 3 patients were treated at this level. According to the pre-specified dose de-escalation rule, if DLT was observed in 2 of the first 3 patients, another 3 patients allocated to the second cohort were treated at level 0. This phase I study was expected to require a project sample-size of ≤15 patients.
Results
Patient characteristics. Between August, 2011 and April, 2014, a total of 11 patients (8 in CR and 3 in VGPR) from five transplant centers in Japan were enrolled in this study, with a median of 99 days (range, 60-168 days) after auto-PBSCT. Using the CRM algorithm, 6 patients were assigned to level 0 and 5 were assigned to level 1 (Fig. 1 ). The characteristics of these 11 patients are summarized in Table I . The median age was 58 years (range, 41-65 years), and 7 patients were men (64%). The subtypes of monoclonal immunoglobulin (Ig) detected in the 11 patients were IgG (n=4), IgA (n=4), IgD (n=1) and light-chain-only disease (n=2). All the patients received a BOR-containing induction regimen prior to auto-PBSCT; however, no patients received prior THAL.
Toxicity. The time-dependent changes in hematological and non-hematological AEs observed during maintenance therapy with LEN are detailed in Table II . Of the 6 patients assigned to level 0, 3 (50%) experienced neutropenia (grade ≤2) at approximately 8 weeks after initiating LEN maintenance therapy; however, all the patients spontaneously recovered from neutropenia despite continuous administration of LEN.
As for the remaining patients, no serious AEs (SAEs) were observed at level 0. As shown in Table II , more patients experienced AEs at level 1. One patient [unique patient number (UPN) 3]developed pneumonia as a consequence of neutropenia in week 10 of treatment; therefore, LEN administration was discontinued at 11 weeks. Another patient (UPN 2) developed both neutropenia and thrombocytopenia in addition to peripheral neuropathy in week 4 of treatment; although this patient's dose was reduced to 5 mg (level 0), thrombocytopenia progressed and LEN administration was discontinued soon after. Another patient (UPN 9) developed liver dysfunction in week 2 of the treatment, which had progressed to grade 2 by week 6. Administration of LEN was discontinued for this patient as well. Grade 3̸4 toxicities were not observed in any of the study patients.
Dose escalation and de-escalation.
The dose-finding CRM algorithm and clinical judgment used in this study are shown in Fig. 1 . Of the first 3 patients assigned to level 1, 2 patients (UPN 2 and 3) encountered DLT [discontinuation of LEN with the attending physician's judgment based on progressive grade 2 hematological (n=1) and non-hematological (n=1) AEs]. According to the pre-specified dose de-escalation rules for this trial, the dose level for the second patient cohort was de-escalated to level 0. However, none of the 3 patients (UPN 4, 5 and 6) at level 0 in the second cohort experienced any DLTs. In the third cohort, 1 patient (UPN 7) remained assigned to level 0, but did not experience any DLTs. Therefore, the next 2 patients (UPN 8 and 9) were assigned to level 1 in the third cohort, although 1 (UPN 9) of the 2 patients again experienced a DLT (discontinuation of LEN administration occurred with the attending physician's judgment based on a progressive grade 2 non-hematological AE). Consequently, the estimated level 1 completion rate was considerably lower compared with the target level, and the next patient cohort was treated at level 0. Of the subsequent 2 patients (UPN 10 and 11) treated at level 0, as the fourth cohort, neither experienced DLTs. Based on the results of the sensitivity analysis and the observed toxicities at each dose level, we concluded that LEN maintenance therapy at level 0 was acceptable in terms of safety.
Response to LEN maintenance. The disease status prior to and following LEN maintenance therapy is indicated in Table III. The results from the 8 assessable patients who completed 12 weeks of LEN maintenance therapy revealed no disease progression or obvious response. The 2 patients with VGPR maintained that status and did not achieve CR. The 6 patients with CR also maintained stable disease conditions during LEN maintenance therapy.
Discussion
Accumulated clinical experience has provided convincing evidence that novel agents, such as THAL, LEN and BOR, alone or in combination, are efficacious in all stages Patients with CR must have no abnormal monoclonal proteins present in their serum or urine. In addition, any soft tissue plasmacytomas must have disappeared and bone marrow must consist of <5% plasma cells.
b Patients with VGPR have detectable levels of M-proteins in their serum and urine when immunofixation is used, but not electrophoresis. Alternatively, VGPR is defined as patients with a ≥90% reduction in their serum M-component, with <100 mg of urinary M-component over a period of 24 h. BJD, Bence-Jones protein; VAD, vincristine, doxorubicin and dexamethasone; BD, bortezomib and dexamethasone; VCD, bortezomib, cyclophosphamide and dexamethasone; CR, complete response; VGPR, very good partial response; auto-PBSCT, autologous peripheral blood stem cell transplantation.
of MM (12) . Moreover, monotherapy with these agents in a maintenance setting may be a promising option for preventing relapse or disease progression after auto-PBSCT (13). However, THAL maintenance has not received general acceptance due to serious concerns regarding its neurotoxic side effects (4, 5, 14, 15) . Based on the results from recent reports, the incidence of grade 3-4 peripheral neuropathy was ≤27%, which was the main reason for discontinuing THAL maintenance (4,5,14,15 ). It should be noted that lower doses of BOR may be used with greater tolerability and therapeutic benefits in a maintenance setting. In the HOVON-65/GMM-HD4 study, BOR maintenance achieved improved PFS as compared with THAL; however, it appeared to be less beneficial for patients who achieved at least VGPR after auto-PBSCT (16) . As maintenance therapy, LEN appeared to be the most promising of the three aforementioned agents. Based on the results from two recent randomized trials (LEN maintenance vs. no maintenance), LEN appeared to be associated with improved time-to-disease progression in both studies (6,7). Moreover, the beneficial effect of LEN maintenance was relevant even Table II . Time-dependent changes of adverse events observed during lenalidomide maintenance therapy. Since UPN 2 developed grade 2 thrombocytopenia, the dose was reduced to 50 mg and discontinued soon after; therefore, data were only available until week 6. b UPN 3 suddenly developed grade 2 neutropenia at 10 weeks; therefore, lenalidomide was discontinued at 11 weeks. c UPN 9 developed grade 1 liver dysfunction, which progressed to grade 2 at 6 weeks. Administration was discontinued at 6 weeks; therefore, data were only available until week 6. CTCAE, Common Terminology Criteria for Adverse Events; N/A, not being appreciated; UPN, unique patient number; URTI, upper respiratory tract infection.
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in patients who achieved VGPR̸CR after auto-PBSCT in the IFM 05-02 trial (7) . Although LEN appeared to be the most promising maintenance agent among the three mentioned, the dosage or duration of LEN maintenance therapy had not been formally determined in a phase I dose escalation trial. Attal et al evaluated LEN for maintenance therapy following auto-PBSCT (administered at 10 mg per day for the first 3 months and increased up to 15 mg if tolerated), and found Table III . Disease status of myeloma before and after lenalidomide maintenance therapy. The dose-finding continual reassessment method (CRM) algorithm. The first cohort was assigned to level 1, but 2 out of 3 subjects encountered a dose-limiting toxicity (DLT). According to the pre-specified dose de-escalation rules of this trial, the dose level for the second cohort was de-escalated to level 0. None of the 3 patients in the second cohort experienced DLT. In the third cohort, 1 patient was still assigned to level 0, but did not experience any DLTs. Therefore, the next 2 patients were assigned to level 1 in the third cohort, but 1 patient experienced DLT. Consequently, the estimated level 1 completion rate was probably considerably lower than the target level, and the next subject cohort was treated at level 0. None of the subsequent 2 patients treated at level 0 experienced any DLTs. UPN, unique patient number.
that PFS improved from 35% in the placebo arm to 68% in the LEN arm. Unfortunately, approximately half of the patients in the LEN arm experienced grade 3-4 myelosuppression during the entire maintenance phase (7). Palumbo et al also investigated the use of LEN after auto-PBSCT (17); in their trial, LEN maintenance therapy was administered at 10 mg for 21 days per 28-day period, and the incidence of grade 3-4 myelosuppression decreased to 23% (17) .
To the best of our knowledge, this is the first study to evaluate the maintenance dose of LEN following auto-PBSCT. Although no grade 3-4 SAEs were observed in any cohort in our series, 3 patients (60%) assigned to the level 1 dose (10 mg of LEN) experienced progressive grade 2 SAEs and eventually dropped out. As shown in Table II , all 6 patients assigned to level 0 successfully completed at least 12 weeks of continuous administration of 5 mg of LEN without any SAEs. Thus, continuous administration of LEN at 5 mg may be acceptable in terms of safety, although that particular dose may be suboptimal considering the completion rate in our cohorts (i.e., 100% in the 5-mg cohort and 40% in the 10-mg cohort). Therefore, it may be hypothesized that continuous administration of 7.5 mg of LEN may be the next best dose; however, administration of 10 mg of LEN for 21 out of every 28 days may represent a more realistic approach, as a 2.5-mg capsule form is not currently commercially available, and prolonged administration without drug holidays may raise concerns regarding the development of unexpected AEs. Although the number of patients in this study was inadequate for determining the response to therapy, none of the patients exhibited any evidence of disease progression or relapse while on LEN maintenance therapy.
In conclusion, our small study demonstrated that 5 mg of LEN was acceptable in terms of safety, although maintenance therapy with 10 mg of LEN administration for 21 out of every 28 days may be a more practical strategy for patients with MM following auto-PBSCT.
